Introduction
============

Term low birth weight (LBW) infants (infants born weighing \<2,500 g, between 37 and 42 completed weeks of gestation) are still prevalent and are among maternal and child health problems in developing countries, including Thailand. A survey in 138 countries of low and middle income in 2010 revealed that there were 10.6 million term LBW infants among 120.5 million live births (8.8%), most of them in Asia.[@b1-rmhp-7-131] In Thailand the prevalence of LBW infants was 16.0%, among which 7.0% were preterm LBW and 9.0% were term LBW.[@b2-rmhp-7-131]

The majority of term LBW infants are term small for gestational age (SGA) (infants with birth weight below the tenth percentile),[@b1-rmhp-7-131] which increases the risk of perinatal morbidity and mortality, including perinatal asphyxia, meconium aspiration syndrome, hypothermia, hypoglycemia, and polycythemia,[@b3-rmhp-7-131],[@b4-rmhp-7-131] and increased long-term morbidity, including poor mental and psychomotor development,[@b4-rmhp-7-131],[@b5-rmhp-7-131] coronary heart disease, type 2 diabetes, and hypertension and stroke in adulthood.[@b6-rmhp-7-131] Any screening process to detect pregnant women who are likely to give birth to term LBW infants may lessen these morbidities and mortalities.

Fundal height (FH) measurement is still a simple tool to monitor and screen term LBW infants, especially in settings where ultrasound is not available, as it is a proxy measure of fetal size or fetal weight.[@b7-rmhp-7-131],[@b8-rmhp-7-131] Abnormality is suspected when FH does not match the FH obtained from normal pregnancy for the given gestational age (GA). It is also suspected when the pattern of FH growth reaches the lower boundary of the normal curve, such as −1 standard deviation (SD), −2 SDs, fifth percentile, tenth percentile, and a decelerated pattern or stable pattern that indicates that the fetus may be SGA or may have intrauterine growth restriction[@b8-rmhp-7-131],[@b9-rmhp-7-131] leading to term LBW infants.

Previous studies showed that SGA or intrauterine growth restriction could be detected when applying the standard FH growth chart for every antenatal care (ANC) visit.[@b10-rmhp-7-131]--[@b12-rmhp-7-131] FH growth was dynamic and highly correlated to uterine contents, including the fetus, placenta, and amniotic fluid, but was mostly correlated to fetal size.[@b3-rmhp-7-131] Serial FH measurements were therefore used to compare individual FH growth with the standard FH growth chart throughout pregnancy.

The studies on FH measurement in the past mostly focused on developing the "normal" FH growth curve appropriate for the geographical region.[@b13-rmhp-7-131],[@b14-rmhp-7-131] No studies focused on the " pattern" of FH growth curve as an indication for abnormal fetal growth. The present study investigates the patterns of FH growth curve in pregnant women with term LBW infants compared with the standard FH growth curve for Thai women.[@b14-rmhp-7-131]

Subjects and methods
====================

Subjects
--------

Retrospective data were collected of pregnant women with term LBW infants (born weighing \<2,500 g, between 37 and 42 completed weeks of gestation) who attended ANC and delivered in the four governmental general hospitals in the northern part of Thailand between 2009 and 2011. Foreigners, minority groups, women who first visited ANC later than 20 weeks of gestation, unreliable GA, and twin pregnancy were excluded from the cohort inception.

Ascertainment of gestational age
--------------------------------

GA was verified by: 1) first day of last menstrual period (LMP) in cases of regular menstruation, precise recall for LMP, and fundal size well correlated with GA, or LMP--GA was \<1 week different from ultrasound; and 2) ultrasound was carried out in the first half of pregnancy in case of not recalled LMP, and FH uncorrelated to LMP--GA or \>1 week different.

Fundal height measurement
-------------------------

Measurements of FH in the four settings were based on routine practice care recommended by the Division of Maternal and Child Health, the Ministry of Public Health, Thailand, and recorded in centimeters with nonelastic measurement tape from the upper border of the symphysis pubis to the top of the uterine fundus, or reversed direction. All measurements were taken by experienced nurses or clinicians with at least 2 years of ANC experience, in order to minimize measurement error and bias.

Standard fundal height growth curve for Thai women
--------------------------------------------------

The standard FH growth curve for women in the northern part of Thailand was developed from normal singleton pregnancy based on LMP and/or ultrasound dating reported and published earlier.[@b14-rmhp-7-131]

In the process of screening, FH measurement was plotted on the standard FH growth curve displaying the 10th, 50th, and 90th percentile lines for every ANC visit throughout pregnancy.

Criteria for screening were as follows: 1) the fetal size and growth may be "normal" if FH was within the 10th and 90th percentile line and growth rate was a regular increment throughout pregnancy; and 2) the fetus may be smaller than GA or with slow intrauterine growth if FH was below the tenth percentile line or growth rate decelerated or stagnated, whether or not below the tenth percentile.

Data collection and data sources
--------------------------------

Birth weight in grams, first day of LMP, ultrasound report, FH in centimeters, and general characteristics were extracted from ANC records, labor registry, and related medical records.

Statistical analysis
--------------------

The FH measurements obtained from the four settings were standardized to correspond to the subjects used in the development of the standard FH growth curve for Thai women.

The characteristics of the index group (pregnant women with term LBW infants) and the standard group (normal singleton pregnancy used to develop the standard FH growth curve for Thai women) were presented as means, SDs, and frequencies and percentages. Comparisons across groups were done with independent *t*-tests or exact probability tests. A *P*-value \<0.05 was considered statistically significant.

Serial FH measurements of pregnant women with term LBW infants were plotted against the standard FH growth curve for Thai women throughout pregnancy. The patterns of growth were summarized by three researchers in the team. The frequencies observed for each recognized pattern were reported.

Ethical approval
----------------

The study protocol was approved by the Research Ethics Committee, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand, and the research ethics committees of the four hospitals.

Results
=======

A total of 2,351 pregnant women attended ANC and delivered in the four settings during the study period. There were 75 pregnant women with term LBW infants who met the eligible criteria. The average birth weight of the index group was 2,350.8±130.5 g. Maternal height, prepregnancy weight, total weight gain, gestational weight gain within the recommendations of the Institute of Medicine,[@b15-rmhp-7-131] and GA at birth of the index group were significantly lower than the standard group ([Table 1](#t1-rmhp-7-131){ref-type="table"}). Settings, maternal age, prepregnancy body mass index (BMI), parity, GA at first antenatal visit, and infant's sex were similar ([Table 1](#t1-rmhp-7-131){ref-type="table"}).

Patterns of FH growth curve for pregnant women with term LBW infants
--------------------------------------------------------------------

Serial FH measurements of 75 pregnant women with term LBW infants against the standard FH growth curve for Thai women throughout pregnancy revealed six patterns of the FH growth curve. Examples of the six patterns are shown in [Figure 1](#f1-rmhp-7-131){ref-type="fig"}. The characteristics of the pregnant women for each pattern are shown in [Table 2](#t2-rmhp-7-131){ref-type="table"}.

-   Pattern I (n=17, 22.7%): the FHs were around or below the tenth percentile throughout pregnancy ([Figure 1A](#f1-rmhp-7-131){ref-type="fig"}).

-   Pattern II (n=19, 25.3%): the FHs were around or below the tenth percentile in early GA and resumed to a normal level afterward, then became decelerated or stagnant until before delivery, at which time they were either below the tenth percentile (n=16, 21.3%) or above the tenth percentile (n=3, 4.0%) ([Figure 1B](#f1-rmhp-7-131){ref-type="fig"}).

-   Pattern III (n=17, 22.7%): the FHs were between the 50th and 90th percentile in early GA, then became decelerated or stagnant until before delivery, at which time they were either below the tenth percentile (n=15, 20.0%) or above the tenth percentile (n=2, 2.7%) ([Figure 1C](#f1-rmhp-7-131){ref-type="fig"}).

-   Pattern IV (n=6, 8.0%): the FHs were between the 50th and 90th percentile in early GA, then became decelerated or stagnant until they were either below the tenth percentile (n=3, 4.0%) or above the tenth percentile (n=3, 4.0%), but resumed to a normal level afterward ([Figure 1D](#f1-rmhp-7-131){ref-type="fig"}).

-   Pattern V (n=6, 8.0%): the FHs were between the 10th and 90th percentile throughout pregnancy, except for a visit before or at delivery, when FH was below the 10th percentile ([Figure 1E](#f1-rmhp-7-131){ref-type="fig"}).

-   Pattern VI (n=10, 13.3%): the FHs were between the 10th and 90th percentile lines throughout pregnancy ([Figure 1F](#f1-rmhp-7-131){ref-type="fig"}).

Discussion
==========

The standard FH growth curve for Thai women with 10th, 50th, and 90th percentile lines was supposed to be a simple tool to monitor fetal growth and to screen for suspected abnormal intrauterine growth. Small fetuses or fetuses with a slow intrauterine growth rate should be recognized by a deviation from FH growth of the norms, as shown by both the pattern of growth and the timing at which the abnormality was detected.

The findings suggested six different patterns of FH growth curve observed in pregnant women with term LBW infants. Each pattern may have different or similar explanations as follows.

Pattern I
---------

The fetus is likely to be small throughout pregnancy. This may reflect genetic and constitutional influences such as mothers with a small body frame and mothers who were SGA or who had delivered LBW infants, resulting in a "constitutionally" or "natural" small infant with otherwise normal growth.[@b16-rmhp-7-131],[@b17-rmhp-7-131] It may also reflect risk factors for term LBW infants from the beginning of pregnancy, such as nulliparous, teenage, low prepregnancy weight, low BMI, or thalassemia disease, combined with low gestational weight gain, anemia during pregnancy, or an abnormal placenta that led to insufficient nutrients and oxygen supply to the fetus and resulting in intrauterine growth restriction.[@b17-rmhp-7-131]--[@b19-rmhp-7-131] Pregnant women in this pattern had lower age, prepregnancy weight, prepregnancy BMI, and gestational weight gain than those in patterns II--VI ([Table 2](#t2-rmhp-7-131){ref-type="table"}).

Pattern II
----------

The fetus is likely to be small in early pregnancy, which may be due to risk factors for term LBW infants such as a small mother, nulliparous, low BMI, maternal malnutrition, or diseases leading to hypoxemia such as asthma or thalassemia disease. Nutrient and oxygen supply to the fetus may be improved from better nutrition[@b20-rmhp-7-131] or underlying controllable conditions,[@b9-rmhp-7-131] resulting in resumption to normal levels. Nutrients, especially glucose, may be insufficient in the last trimester,[@b3-rmhp-7-131] and low gestational weight gain, psychosocial stress, or abnormal function of the placenta[@b17-rmhp-7-131],[@b21-rmhp-7-131] may lead to decelerated growth observed in late pregnancy.

Pattern III
-----------

The fetus is likely to be normal in early pregnancy. The growth rate may be decelerated from late causes for term LBW infants such as vascular diseases, anemia during pregnancy, partial placental separation, intervillous or spiral artery thrombosis, or placental infarcts leading to uteroplacental insufficiency or hypoxemia,[@b19-rmhp-7-131],[@b22-rmhp-7-131] combined with poor maternal nutrition, especially in the third trimester, or low gestational weight gain leading to fetal undernutrition.[@b17-rmhp-7-131],[@b18-rmhp-7-131]

Pattern IV
----------

The fetus is likely to be normal in early pregnancy. Late causes for term LBW infants decelerated the growth but are corrected or received intervention, causing resumption of the growth rate, but are insufficient to catch up with the norms. Other causes for FH larger than the actual size of the fetus in late pregnancy may be observed where there is excessive volume of amniotic fluid, abnormal fetal position, or abnormal pelvis.[@b23-rmhp-7-131]

Pattern V
---------

The fetus is likely to be normal throughout pregnancy. Uteroplacental insufficiency may be encountered near term.[@b24-rmhp-7-131] As fetal weight gain beyond 34 weeks should be 30--35 g/day or 210--245 g/week,[@b3-rmhp-7-131] the rate below this may result in term BW \<2,500 g.

Pattern VI
----------

As FH is only a surrogate measure for fetal size, it does not reflect just the fetal size but may be influenced by the amount of amniotic fluid, fetal position, body shape, and types of pelvis.[@b23-rmhp-7-131] Furthermore, a standard FH growth curve derived from all pregnant women may not be appropriate for women with low or high BMI,[@b25-rmhp-7-131] causing false classification.

From the six patterns proposed, there were four patterns (patterns I--IV) that may be used as guidelines to screen for term LBW infants from early pregnancy (78.7%), and one pattern (pattern V) that may be used to detect the condition only before or at delivery (8.0%). The other pattern (pattern VI) failed to detect such condition (13.3%).

In pattern VI, where the FH growth curve did not indicate any abnormalities, other factors contributive to a falsely large FH should be explored, such as women with BMI \>35 kg/m^2^, which may lead to inaccurate measurement, large fibroids, or polyhydramnios. In these cases, other investigations may be required, such as serial ultrasound measurements, uterine artery Doppler, or umbilical artery Doppler.[@b9-rmhp-7-131],[@b26-rmhp-7-131] Furthermore, applying an FH growth curve that is more specific to individuals may be more appropriate in underweight or overweight and obese pregnant women.[@b25-rmhp-7-131]

The patterns of the FH growth curve in pregnant women with term LBW infants plotted against the standard FH growth curve for Thai women may reflect the size and growth of the fetus at different stages of pregnancy. It might be used as a guideline or a simple tool to monitor and screen for term LBW infants, from early pregnancy. Detected cases need intervention to reduce complications that may arise from term LBW infants.

Although the present study may be the first to report the patterns of the FH growth curve in pregnant women with term LBW infants, it was conducted only in women who attended ANC in the four governmental general hospitals in the northern part of Thailand and with a limited number of subjects, as most of the pregnant women with term LBW infants were excluded due to late ANC. The effectiveness and benefit of using this approach in the screening for term LBW infants should be verified by future studies before it is adopted into routine clinical practice.

Conclusion
==========

The patterns of FH growth curves observed among pregnant women with term LBW infants may be used to identify women who are likely to deliver term LBW infants from early pregnancy, during pregnancy, and on the day of admission for labor. Such screening may detect future term LBW infants in 80%. An intervention in screening-detected cases may reduce the incidence of, or lessen the complications in, fetuses \<2,500 g. Ultrasound evaluation is still recommended in cases with risk factors that cannot be detected by FH measurements, or in cases where FH measurement may be inaccurate.
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![Example of FH growth curve patterns of six selected pregnant women with term LBW infants against standard FH growth curve for Thai women.\
**Notes:** (**A**) Pattern I: FH below or around the tenth percentile throughout pregnancy. (**B**) Pattern II: FH below normal in early pregnancy, caught up with normal, then decelerated or stagnant. (**C**) Pattern III: FH normal in early pregnancy, then decelerated or stagnant. (**D**) Pattern IV: FH normal in early pregnancy, decelerated or stagnant, then caught up to normal. (**E**) Pattern V: FH normal throughout pregnancy except for the last visit. (**F**) Pattern VI: FH normal throughout pregnancy.\
**Abbreviations:** FH, fundal height; LBW, low birth weight; wk, week.](rmhp-7-131Fig1){#f1-rmhp-7-131}

###### 

Characteristics of study subjects

  Characteristics                                                                 Pregnant women with term LBW infants (index group)[a](#tfn2-rmhp-7-131){ref-type="table-fn"} (n=75; 530 visits)   Normal singleton pregnancies (standard group)[b](#tfn3-rmhp-7-131){ref-type="table-fn"} (n=1,038; 7,523 visits)   *P*-value
  ------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------- -----------
  Settings (n, %)                                                                                                                                                                                                                                                                                                     0.202
   Secondary care hospitals                                                       56 (74.7)                                                                                                         696 (67.0)                                                                                                        
   Tertiary care hospitals                                                        19 (25.3)                                                                                                         342 (33.0)                                                                                                        
  Maternal age (year)[\*](#tfn1-rmhp-7-131){ref-type="table-fn"}                  25.0±7.6                                                                                                          25.6±6.2                                                                                                          0.456
  Maternal height (cm)[\*](#tfn1-rmhp-7-131){ref-type="table-fn"}                 153.4±5.3                                                                                                         156.1±5.6                                                                                                         \<0.001
  Prepregnancy weight (kg)[\*](#tfn1-rmhp-7-131){ref-type="table-fn"}             49.3±7.4                                                                                                          52.6±9.8                                                                                                          \<0.001
  Prepregnancy BMI (kg/m^2^)[\*](#tfn1-rmhp-7-131){ref-type="table-fn"}           21.0±2.9                                                                                                          21.6±3.8                                                                                                          0.074
  Total weight gain (kg)[\*](#tfn1-rmhp-7-131){ref-type="table-fn"}               11.0±4.5                                                                                                          13.5±4.7                                                                                                          \<0.001
  Gestational weight gain (n, %)[c](#tfn4-rmhp-7-131){ref-type="table-fn"}                                                                                                                                                                                                                                            \<0.001
   Less than recommended                                                          40 (53.3)                                                                                                         303 (29.2)                                                                                                        
   Within recommended                                                             28 (37.3)                                                                                                         430 (41.4)                                                                                                        
   More than recommended                                                          7 (9.4)                                                                                                           305 (29.4)                                                                                                        
  Parity (n, %)                                                                                                                                                                                                                                                                                                       0.403
   Nulliparous                                                                    42 (56.0)                                                                                                         523 (50.4)                                                                                                        
   Multiparous                                                                    33 (44.0)                                                                                                         515 (49.6)                                                                                                        
  GA at first antenatal visit (week)[\*](#tfn1-rmhp-7-131){ref-type="table-fn"}   12.7±5.2                                                                                                          13.0±5.0                                                                                                          0.586
  GA at birth (week)[\*](#tfn1-rmhp-7-131){ref-type="table-fn"}                   38.4±0.9                                                                                                          39.2±1.1                                                                                                          \<0.001
  Infant's sex (n, %)                                                                                                                                                                                                                                                                                                 0.187
   Female                                                                         41 (54.7)                                                                                                         479 (46.2)                                                                                                        
   Male                                                                           34 (45.3)                                                                                                         559 (53.8)                                                                                                        
  Birth weight (g)[\*](#tfn1-rmhp-7-131){ref-type="table-fn"}                     2,350.8±130.5                                                                                                     3,120.3±325.0                                                                                                     \<0.001

**Notes:**

The values are expressed as mean ± SD.

Term LBW infants: infants born weighing \<2,500 g between 37 and 42 completed weeks of gestation;

developed standard fundal height growth curve for Thai women;[@b14-rmhp-7-131]

recommendations by the Institute of Medicine: underweight prepregnancy BMI (\<18.5 kg/m^2^) =12.5--18 kg; normal weight (18.5--24.9 kg/m^2^) =11.5--16 kg; overweight (25.0--29.9 kg/m^2^) =7--11.5 kg; obese (≥30.0 kg/m^2^) =5--9 kg.[@b15-rmhp-7-131] Copyright © 2013 Jirawan Deeluea et al. Deeluea J, Sirichotiyakul S, Weerakiet S, Buntha R, Tawichasri C, Patumanond J. Fundal height growth curve for Thai women. *ISRN Obstet Gynecol*. 2013;2013:463598.[@b14-rmhp-7-131]

**Abbreviations:** BMI, body mass index; GA, gestational age; LBW, low birth weight; SD, standard deviation.

###### 

Characteristics of pregnant women for six patterns of fundal height growth curve (n=75)

  Characteristics                                                       Pattern I (n=17)   Pattern II (n=19)   Pattern III (n=17)   Pattern IV (n=6)   Pattern V (n=6)   Pattern VI (n=10)
  --------------------------------------------------------------------- ------------------ ------------------- -------------------- ------------------ ----------------- -------------------
  Age (year)                                                            20.1±4.6           27.2±7.8            26.1±6.7             23.8±10.5          28.0±8.4          26.0±8.3
  Height (cm)                                                           153.9±5.7          154.3±3.6           154.5±6.3            153.1±3.0          153.4±2.9         149.3±6.5
  Prepregnancy weight (kg)                                              46.3±7.1           47.6±5.3            54.6±9.0             49.7±5.7           49.3±8.2          48.7±6.0
  Prepregnancy BMI (kg/m^2^)                                            19.5±2.9           20.0±2.1            22.9±3.2             21.2±2.1           20.9±2.9          21.9±2.5
  Total weight gain (kg)                                                8.9±3.2            10.7±2.9            10.6±5.0             12.8±7.2           11.4±5.1          14.6±4.4
  Low gestational WG[a](#tfn6-rmhp-7-131){ref-type="table-fn"} (n, %)   13 (76.5)          12 (63.2)           7 (41.2)             3 (50.0)           3 (50.0)          2 (20.0)
  Nulliparous (n, %)                                                    12 (70.6)          7 (36.8)            10 (58.8)            3 (50.0)           5 (83.3)          5 (50.0)
  GA at birth (wk)                                                      38.2±0.7           38.3±0.8            38.7±0.9             38.8±1.2           38.0±0.9          38.3±0.9
  Female infant (n, %)                                                  9 (52.9)           11 (57.9)           9 (52.9)             3 (50.0)           4 (66.7)          5 (50.0)
  Birth weight (g)                                                      2,284.4±156.5      2,386.0±112.6       2,376.2±108.3        2,338.3±156.9      2,374.2±121.4     2,347.0±125.3
  Medical complications (n, %)                                                                                                                                           
   Chronic hypertension                                                 N/A                N/A                 N/A                  N/A                N/A               1 (10.0)
   Pregestational DM                                                    N/A                N/A                 1 (5.9)              N/A                N/A               N/A
   Thalassemia disease                                                  1 (5.9)            1 (5.3)             N/A                  N/A                N/A               N/A
   Asthma                                                               N/A                1 (5.3)             N/A                  N/A                N/A               N/A
  Obstetric complications (n, %)                                                                                                                                         
   Hyperemesis gravidarum                                               N/A                N/A                 1 (5.9)              N/A                N/A               N/A
   Gestational hypertension                                             N/A                N/A                 N/A                  N/A                N/A               1 (10.0)
   Anemia during pregnancy                                              2 (11.8)           N/A                 1 (5.9)              1 (16.7)           N/A               N/A
   Oligohydramnios                                                      1 (5.9)            1 (5.3)             1 (5.9)              N/A                N/A               N/A
   IUGR                                                                 7 (41.2)           1 (5.3)             2 (11.8)             N/A                N/A               1 (10.0)

**Note:** Gestational weight gain was lower than the recommendations by the Institute of Medicine.[@b15-rmhp-7-131]

**Abbreviations:** BMI, body mass index; DM, diabetes mellitus; GA, gestational age; IUGR, intrauterine growth restriction; SD, standard deviation; WG, weight gain; wk, week.
